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WE: BN HOAMNEFREAEE R EEHEER (AS) SAarsEm, FiE  RNSEER. ¥ BALB/c /NRBEHLST
HZS A, BRI SERERAL (70 mg/kg) BAMBTREAEGMR, b, mAE4 (18.5, 37, 74 ¢/kg), RAKIE
PUIARIE TR E AS OB/ D BUERL, B 10 REFHAEE 42 K, 05/ R — M5 B 5 e B 5CHT Ik 15 5,
micro-CT, HE 34t | LT EGRYAITAG O AL B IS0, s )T it b %O 5 S @ %, RO 256 . DAEOC T )
HE LT A AN A AT 58X SR B BT AT A AN B AR, A TR, b, mRIEANE SRE R (0.25, 0.5,
| mg/mL), CCK-8 &A% 407G 24, ALP 4 €2 Fn o5 2 20 Y 3P Al B 43 1L 7K -, Western blot 34 1 B b5 4
RUNX2, Collal, OPN Z 1335 K Hippo/ YAP i FAHCHE [ LATS | YAP 3Rk RESRR/KT, GpEFOLEKI Hippo/
YAP A EM BN S FRE, GR RNTR, SRR R, #NEREBIA B &R B A K SR A A T A R R
R R, B SRTE SR (P>0.05), #MEIREA R AR AN RO MK EREIR (P<0.05), £FlE
RO E R B IS, BB HLARUE (P<0.01) , #R42E TR Hippo/ YAP 3 B2 4N 5 B 1A #8305 L 1R EH
PIAZ B2 — RO . SRR e, #MEIREIA A R ALP Q@AY AR (P<0.01), dHEaye
R mAUE D> (P<0.05, P<0.01), BB MG EHE M Collal, SOX9, RUNX2, OPN FikFE{L (P<0.05, P<
0.01), WuBHHFREY ALP, Collal, RUNX2 mRNA 3RikREAL (P<0.05), Hippo/YAP i 4 ¢ 8 H B2 Ak K F
(p-LATS/LATS, p-YAP/YAP) JI#& (P<0.05), YAP BiE A Rk KB N IEIEE KM (P<0.05, P<0.01),
it ANERENA S T REE TGS Hippo/ YAP S, I0HIEIH AT 4E A YAP B 00 Ko Rl i BRI % 5, M
W AS AU EAE,
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ABSTRACT: AIM To investigate the effect of Bushen Qiangdu Zhilou Decoction on heterotopic ossification in
ankylosing spondylitis (AS). METHODS [n vivo experiment; BALB/c mice were randomly divided into a blank
group, a model group, a celecoxib group (70 mg/kg) , and low-, medium-, and high-dose Bushen Qiangdu Zhilou
Decoction groups (18.5, 37 and 74 g/kg). The AS heterotopic ossification mouse model was established using the
collagen antibody-induced method. From day 10 to day 42 after modeling, the mice were administered by gavage.
The general condition and ankle joint swelling of the mice were recorded. Micro-CT, HE staining, and safranin O-
fast green staining were used to evaluate joint heterotopic ossification. Transcriptome sequencing was performed to
screen for core signaling pathways. In vitro experiment: Hip joint ligament fibroblasts were used to construct an
osteogenic differentiation model of ligament fibroblasts. Low-, medium-, and high-dose Bushen Qiangdu Zhilou
Decoction (0.25, 0.5 and 1 mg/mL) were administered, respectively. Cell viability was detected by CCK-8 assay.
ALP staining and alizarin red staining were used to evaluate the level of osteogenic differentiation. Western blot was
used to detect the protein expressions of osteogenic markers RUNX2, Collal, and OPN, as well as the expressions
and phosphorylation levels of Hippo/YAP pathway-related proteins LATS and YAP. Immunofluorescence was used
to detect the nuclear localization and expressions of Hippo/YAP proteins. RESULTS  In vivo experiment;
Compared with the model group, there were no significant changes in body weight and organ indices of the liver,
spleen, and kidney in the Bushen Qiangdu Zhilou Decoction groups of various doses and the celecoxib group (P>
0.05). The joint swelling degree was reduced in the medium-dose Bushen Qiangdu Zhilou Decoction group ( P<
0.05). The degree of heterotopic ossification was alleviated, and the volume of new bone tissue was decreased in
all dose groups (P<0.01). Transcriptomic analysis indicated that the Hippo/YAP pathway was one of the core
pathways through which Bushen Qiangdu Zhilou Decoction exerts its effects. In vitro experiment; Compared with the
model group, the positive staining areas of ALP were significantly reduced in all dose groups of Bushen Qiangdu
Zhilou Decoction ( P<0.01). The positive staining areas of alizarin red were decreased ( P<0.05, P<0.01). The
protein expressions of osteogenesis-related markers Collal, SOX9, RUNX2, and OPN were down-regulated ( P<
0.05, P<0.01), and the mRNA expressions of ALP, Collal, and RUNX2 were decreased ( P<0.05). The
phosphorylation levels of Hippo/YAP pathway-related proteins ( p-LATS/LATS, p-YAP/YAP ) were increased
(P<0.05). The total protein expression and nuclear fluorescence intensity of YAP were decreased ( P<0.05, P<
0.01). CONCLUSION Bushen Qiangdu Zhilou Decoction may alleviate AS heterotopic ossification by activating
the Hippo/YAP pathway, inhibiting the nuclear translocation of YAP in ligament fibroblasts, and suppressing the
transcription of downstream osteogenic genes.

KEY WORDS: Bushen Qiangdu Zhilou Decoction; ankylosing spondylitis; pathological new bone formation;
transcriptomics ; Hippo/YAP pathway
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R R SCHEVE Y, BB Ll e S
Fazsi®l O WEgE R, AS HBE I AL 4
Hippo i i A7 G KL A 55 8 = 3238, #2278 YAP 7] B
A TG B A R R R S AR
DLANE 5B A 7 A F ST X %, B £ Hippo/ YAP
W, WIS | e St E AT B RSN
UE, BREHXS AS S0 E i m K o oL, b
HBE2IRYT AS BEAULRR 2= AR FIHT i S

1 W8

1.1 %334 6~8 J&#E SPF 4 BALB/c /)
BL36 H, IR (20+2) g, il M EZ R
SR LB [ LIRS A VAT IE S SCXK
(H) 2023-0068, S5 3 FHF AT HIES SYXK
(1) 2023-0342], FEAFEFREIRE 23~25 °C, HIXt
MRJE 50% ~60% , 44T AEEY KKK, 12h/12 h
JEHR/ RS , LT RA T M EZ R4
MREHZE R ST LBREE (KRBT AS
20241014004) .

1.2 4 BAANESRE R B A 18 ¢
TE 30 g, HA20g, HIF12g, FAAR10g (FE
Kyl &y A R 2 A, it 5 2403301061,
231202281, 240400071, 240102006, 240300149) ;
IR 12 g, P 15 g, FEFERE 12 g, KNG 12 g,
fEfm 6 g NAFR 12 g, T #H9 g HKARE6 g,
BARM15 g, AP 30 g, FA 12, AR 12 ¢
(Uhmg 2k 45 A BR A |], it 240301, 240101,
240301, 2306001, 2401001, 2402001, 240101,
2401001, 2401001, 2401003, 2402001, 2401002 ) ;
MG 10 g, JIKF18 ¢ B 12 ¢ (PEIFP AR
"], #t5 C12312152, C12311050, C12311168);
F215g, T#E6g (KMEAERARAR, #
5 HX24R02, HX24KO01); FERZ 15 ¢, HIBE 15 ¢
(J7H R Z gl A BR A E], 5 YPB4C0001
YPB4B0001) , HfEAx 12 ¢ (J7IM BG40 A
FRATE, 5 2402001) ZHAL, P25k AT &
BHEERE, 2 RA R B2y 2E T E AR A 2020
AERR (P E 2 ) BOR, ZEOR B R (R
0.2 g/ki, KEMEHAF, #5 0145631)

1.3 X7/  Arthrogen-CIA ® 5-Clone Cocktail Kit,
Biotinylated Lipopolysaccharide from E. coli 0111 (3¢
[ Chondrex 23 &, %5 53100, 9028); HE Y%
(b AR A R A Hl, 5245 BL735B) 3 B4
LNFLIBEGP I (RER DAY RHARA A,
%5 ABC1071); TRIzol. oligo (dT) ®i¥k. dUTP

Solution, LATS —#T. p-LATS —#%t ( 3£ [E Thermo
Fisher Scientific 24 1], 8% 15596026CN ., 25-61005
RO133, PA5-95564, PA5-105444); HiScript Il RT
SuperMix for qPCR (+gDNA wiper) , ChamQ SYBR
qPCR Master Mix ( g 5004 MEHE A= Bl B2 B0 A iR
NFElL, RS R323-01, 341-02); NEBNext Ultra
RNA LibraryPrepKit for Illumina ( 5%[E New England
Biolabs /A A], %5 E7530L); EZ-press RNA 4lifl
W & (€ E ZScience Biotechnology 7% Fl, 4% &
EZB-RNOO1-plus ) ; SOX9, OPN, RUNX2, Collal,
GAPDH \YAP p-YAP —¥Hi =%t WP (3EH Cell
Signaling Technology 7y ®], %% 5 82630, 88742,
12556, 72026, 2118, 14074, 13008, 7074, 7076)
1.4 ME KGRI (3£[E BioTek A ) ;
W4T AL (BYS Bioanalyzer 2100, 32 [E Agilent
NFED; B RS X mico-CT R4 (5
Skyscan 1276, % [# Bruker 28 &) & M 7 42
(95 NovaSeq 6000, FEHFEHWAF); HTE
AL [ 5 e-BLOT, B34t melE (L
) GRS BECE2OOLET (BT
NanoDrop 2000C, 3£ [€ Thermo Fisher Scientific 2y
Hl); B E R PCR R4E (142 ABI7T500, 2%
[ ABI 2wl ); BIEZOLR MRS (B5
ECLIPSE Ti2, HAJRHRAH),
2 Fik
2.1 PHERAEERTFERHE AR
il B 5T 400 mL AR FYERT T b, IIALARZG R4l
K3L, &ih1.5h, M@AEDE, BOKF, K
2 LAt m R AR b, sk ok 5 % S0k AT
1h, M@HEEIE, BOKR, ¥ 2 WK Rl
WIRG, BERK, WA ZRE256.4 g¢/mL, T4 C
DA PR AR T, RO B P 2 R AR T R,
HIJCIML DMEM FE73# R 50 mg/mL 24 53K,
AURER TR 732605 T 20 C KA ORI T, RSP
B, 109% BG4 0035 9 DMEM $5 3% B i il
T AR o FER B AT FERF A R e AR
RNEWIERET 2 mL K CET, BRIRAS R
A 48 mL 84K, T4 CUkAE PR
2.2 i, %HAEE 36 H BALB/c /NEBEHL
SN EA, BRI SR E A4 (R AR
FRPTRIG R R0 R 70 mg/kg)  FTARN B 98B R
PR, . m A (R AR T AR R
HJ18.5, 37, 74 g/ke) . BRE AN, HARKH /N
BRI T IR ST 7S IR A . AS S B AL B A 3
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PR AERERER 0 Ki% 1.5 mg/ HUE I 3 5
5-Clone Cocktail fJRHTIRTR GBI, 26 3 KM T
%150 mg LPS 5P RAE, HE AS 0B L
R RS EITRR IR, BB | M
KATREL, M, 111 43 BROCT s oC Ty h R &
Ik, Th2 4y R ERL, MK, IR
KK, 1F3 58 ZRTERKBELER, XTHE
B BB A T, T4 4y, DUCEAE] 6 4 K DL AR
HYERLE R, SRS 10 RIFR, &4
E B A TAHN R, S VA RIS R 2 v
T HFRER K, 55 42 KA IR 25 35 Bk

2.3 XRFAPAKEMZE  EBIFIRET, 7R/ U R
FAEEAEENFRE, B3 d I 1 RN
R R, THR/NROCT IR . AT
PRHE = (B BR OGS T 2 3R AR50 O KA M 5Cy Il
JEEEAR) /55 0 RERHMICTTH 2R ERE] x100% .
2.4 BMAMuLAIE 42 d BTG, DR
BAEIK 12 h, FRERTTRE, SFRbOREENRIFL
RO, HRIKS %R FRE I, 1, BIRREIE
THRNERE S, BOSUS e s a4y, il
RNA FUE TR 7 A7 S ol FH 2 20 I AR T 8 FH
2.5 micro-CT 248 B B K F 1= BN
micro-CT XJ[# %2 1)/ R BRA 2L AT, Hfid
JE 55 kV, HJE 200 pA, FHEFFLEEE] A 7 min
20 s, SEMAAREE CT Vox v1. 15. 4. 0 #{4b#k4T
5341, ] NRecon v1. 6. 10. 4 & {F k41 = 4k
FH, T CTan v1. 15. 4. 0 514 %6 BUKE 22 /)N BB
B BRI, N ERURADETE AR

2.6 RBREBMBPAS R mEAMLLEE NEEHR
B UG e Ui K AP 21 (Chematoxylin-eosin,
HE) Yeft | 2521 [ 4t Ye 0 07 15 S B 80 2 i 3
T AR

2.7 RBRLL mRNA 2 b5 ZEN 5 R
FH TRIzol 37, AR B R ML AYHRAE 7 S0 B
i RNA #1743 falifk, {8 F NanoDrop X &L RNA
5L TR, FH Bioanalyzer 2100 X} RNA
SERCPESEATAE I, RNA J5T i ¥ > 50 ng/pl., RIN
{H>7.0, ODygn>1.8, total RNA>1 wg #E4T T i
SCH, ffH oligo (dT) WLER, MG RIHE R
AT 2 fedlifl, FERPERIR mRNA, RIS R
Be iR SR E T %8, 1A RNA i 4 i) & 2k
B R SCRE ) I #EFT Mumina &8 & P, 724
150 bp FECXF A b 3244,

2.8 B mRNA M| 5 T LRI A P2 5 3% o
2590

M R fastq SCHHE R 0 RNA-seq B8R 19125
Jii . KM Bowtie2 v2. 3.3 Fll Tophat2 v2. 1.1 T H
1 RNA-seq I reads U 25 R HC X 2 /)N Bl AL P 20
I, AN Z B R ES GO, IR TR
F Cufflinks TH5- B3k (FPKM), S5 [R] FE
ATy 22 5 5L, B S {87 DESeq2 R v1. 16. 1 3k
PFEAT 22 5 33K 5341, {di 1] Benjamini F1 Hochberg
BXF PAHSEA TR, T 22 R g R, ik P<
0.05 H I log2FC | >2 WJFEPH N & 2R3 M, If
HE T 2H 1) 2 S R 5 PR 1) 7 12 235 R S it ik PR T g 1
B I3l % w £, it GO B E (hup: //
www. geneontology. org/) X} DEGs #:17 RGBT,
IEAEFH o 2R B A A A AR R FLA% O LR 2R R
FIH KEGG ##s & (htps: //www. kegg. jp) FF
Jre i P AR AT

2.9 w3 KRG WA B A 4k 20 i
( Hip-ligament fibroblasts, Hlfcs) T 1 BARTHAMEIE 3R
WIEEE | R, IR E A 10% fif 4 I #Y
DMEM ¥53%3&, F 37 C., 5% CO,. AR H;
FAa ISR, AR E A, MG AR 70% ~
80% I, JH 0.25% IREHH L . &40, Hfh TR M0
UG IR

2.10 CCK-8 xtemlwmfeidh Bl a 1L 1x
10* A2 BE RN 28 96 FLAR . Tor 20 I 58 2 I BE
i G 1L 7 DMEM DLk 4L 8 h, 4 JlJm A 0,
62.5, 125, 250, 500, 1 000, 2 000, 4 000,
8 000 wg/mL #h'F s E G LA AL 72 h, JCIMLYE
DMEM 8% 2 W5, EFLINA 90 pL JEIiLiE DMEM
K 10 pL CCK-8 Ky, T+ 37 °C e 905 & 48 b7
H 0.5 h, HHERXAE 450 nm A ARG B
(OD) {H Jf it % 4 B 7% M. 23X 40 Mo 7% 1 =
2.11 Hlfes s EHFF. AR %H R T X
A KA Hlfes, $%BRBAL 1x10° AR %5 B A
T 6 fLARH, FRAMBIC G RE A 2 60% B 173 20 45
2y, FSHMHG TR, BRIMHS TR
BB ST, AN IREAEEAL. . mRlEd
BT iR i+ E 5 5$+0.25, 0.5, 1 mg/mL
WNEREGRY (220,22 wm T IR .
2 YE Y0 RS S R FR LG 5 10 mmol /L B-H i
WERREM+50 pmol/L L-HLIRIM AR +100 nmol/L Hh ZEK
FiA+7 ng/mL BMP-2+5 ng/mL TGF-B1"" | #H#H
Bii, &3 dEH ] YOR R IRIE Al A s
90% L b5 R BCE 4
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212 ALP & A & &4 3 &40 4 je s B 1L
Wl BT 7 dJE, 2 R R 2 T
[P 2, AR A0 37 6 A B I ) ALP B
TR, F|EOLIEE 2 h, BREEE T B
BN EEIEHARR W Image J 3REXT ALP Y fh &
BT R A E =T, ME ok 14 d ),
it FH 22 S P RS T R R T E A, ARG R4 S Y
W, ZEIIFE 10 min, PBS BREIMEWES T BisE T
WRELIFAARE, N Tmage J FAE X ES E 4T e (0 1
AVIER= %5298

2.13  Western blot 3% # | Hlfes sk B 48 % & &
(SOX9, OPN, RUNX2. Collal) 4% i % Hippo/
YAP i@l 3% A48 % & & (LATS., YAP) & B2 1L 1
R WCEHESAE T d )5, S R A
WG HI 770 1 RIPA K L 24 401 5 min, &IHL
YRR I B, A BREZE v, 95 ¢
5 min R AN, T-20 CE&MFRHRA,
SDS-PAGE HLK I 5% )5 155 ] 5% Fid i 48 475 3 1]
1Lh, 255 fin A SOX9, OPN, RUNX2, Collal,
LATS. p-LATS. YAP, p-YAP (1 : 1 000).
GAPDH (1:2000) —¥i, 4 CWELR, KHMH
FH TBST vk, ANARTR 80 (1 :2000) BEE
1 h, PR, 1] ECL &G S5, 18 4 il
A2 SBT3 Image J 3K 1451
Mré&ii OD {8, UL GAPDH NINZ, A EHMN
Tk,

2.14 RT-qPCR A Hifes REABA A E (ALP.
RUNX2., Collal) mRNA %k mHIEFHET d
J&, i H EZ-press RNA alifb i & DL B O A 4R
WA M 3 RNA, {8 NanoDrop 28 4M 366 1%
RNA #F47 ¥e FEAG I, IF i F Aygy/An HEAE AT
RNA FEATEER . S HAETAY TR (EF)
et A BR AR A, FHIIL3E 1, UL GADPH N
Z, G SRR SO I G SRR R, AR UL
B3R 2 2 R0 5 55 ¢DNA |, Fifi J5 £ Jl Cham(Q
SYBR Color qPCR Master Mix 7| &%, WP HELE
T AR B 7 | 9 OF e il s AR &R IS LI AT RT-
PCR A, fd ] 274" 23158 mRNA FHXF A&
2.15 S REAEM 6 fLH A Z R AR
PR, e R AEfL 1x10° R EREMT 6
fLtkrb, 24 h J5RUE B SIF425 T3, 1E Hippo/
YAP il PR AL m i Iy (WE SR T 6 h E)
i FH 22 2R B O R T A, BB TE 73 L L =
M £, [ 1 100 F R YAP —4t, THR&

I E AL, PBST E VLG M=t Pkt ew d
1 h, PBST JE¥EG i FH & DAPL (501 K & 7 5F
h, PRI N Image J 3XAXT
EUGHEAT O e i AT, TR DGR

*x1 519F5

Tab.1 Primer sequences

47| ST 5)(5'—3")
GAPDH 1E [ AACTTTGGCATTGTGGAAGG
S ACACATTGGGGGTAGGAACA
COLlal 1E [ CACTGCAAGAACAGCGTAGC
1] AAGTTCCGGTGTGACTCGTG
ALP 1E 1] AGATGGATGAGGCCATCGGA
JLIH] CCAAACGTGAAAACGTGGGA
OPN 1E [ CAGTCGATGTCCCTGACGG

17 GTTGCTGTCCTGATCAGAGG

2.16 i F oM RH SPSS 27.0 #4474k
B, FFAIESSRNEHE B bR 2 (xxs)
For, IHEFBURBECNT ¢ K58, 2 4LiR] LR
AR R O 22 0 M, A W 2 7 22 5% 1
Bonferroni 3, 772 A7 A Tamhane’s T2 ¥5; A
FEIERNE, AR ERHIESE T, Hd
NEM (RS P, EVUEL Ps) Fow,
HEWREE, SFFEIESS T Ko7 R
FEEM - LRSIy R, IRl — B, 2
A AR 2 - B UK, P<0.05 #onER
HEitE X,

3 #£R

3.1 AMNERBESEA S AS FAEFRDRARRE
BIEBF A Ha HEA4LE, BRI
SREHA R A5 I 4 B FE R A 4/ R T B AR Ak
Mgk M 2ES (P>0.05), WWE 1, SR LT
B, SN/, M, BRSO ] AR
(P>0.05), W2,

B1 JREANRERELL [M (Py, Py) ]
Fig.1 Changes in body weight of mice in each
group [M (P, Py) ]

3.2 AMEEmEEEA T AS BN R ED A
R Fra WK 2 PR, SR 9 KEF, 05
2591
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®2 BENRHFRE, S, MAFEHLE (mg/g, x5, n=6)

Tab.2 Comparison of liver, kidney and spleen indices of mice in each group (mg/g, x+s, n=6)

51 JHAERERL(x1072) FRESEB(x107%) JER R B (x107%)
ZHH 4.71x0.28 8.09:0. 43 3.270. 51
iR 5.20+0. 53* 8. 80+0. 82* 3.42+0. 58
AR SREHA MR IR = 2 4.94+0.23 9.22+0.25 3.68+0. 17
ANE SRR M R A 5.05+0.35 9.52+0.35 3.53+0. 54
AN RREA R R R A 4.960. 69 9.14x1.42 3.610.29
eSSy 5. 660. 28 8. 80=0. 71 3.210.42

H. 5EAH L, P<0.05,

W 5aAA " P<0.01; SHRIHHE, * P<0.05,
B2 BEANMNRKTEREMKEELER (M (Py, Ps), n=6]

Fig.2 Comparison of joint diameter and swelling degree of mice in each group [M (P,;, P,), n=6]

MoK AR i, 5 IE w4 Hege, AL /N RO
HEHM (P<0.01), X MIKET &S (P<
0.01); SEIRAE, KA /NEETEHRTL
Wl A8k (P>0.05); BHAE LA NI IE  SCT5 b
IKARBE B oz i, SRR HLER, #NEEBHA %
Hh ) /N BROCT I IR EEREAIR (P<0.05)

3.3 ANERREEEA AT AS AL B AL KRS X
TR I A A e e SRR A i, HE 4%

SRR R /N BT DL B S A
i A AN K2 SR TRIN Y e =R = TIPS S SR E ]
AR, O R ORE MBS, B
JREFAEZRTL; SRR LA, AMESRENA B
i 2 RN R B A AL/ BB R S R L DL
3, SIEWH R, BRI/ AT UL BRI
i S LT T, R A P I T L AR
b, SOCHTEABHIIN (P<0.01); SR AL,

TE: NBFRRHi B, CB FmREAKBTEAS, L ORARRSHE B HL S EE PR A, A5 200 wm,
B3 &4E/NF HE LEBMFLEREE

Fig. 3 HE staining and safranin O-fast green staining of joints of mice in each group
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B RENA R A I 4 N FE SR A N B S T
BRI (P<0.01), o mflEd] e 3k &

. X, Ok IR ALY

HARIF BURIR, WA 4, %3,

TERk, O RRAE IR,

B4 FKHENREEREELH micro-CT &R

Fig. 4 Micro-CT results of ankle tissue of mice in each group

®3 BHPMBRRUFEERELE (25, n=6)
Tab.3 Comparison of ectopic new bone volume of mice in

each group (xzs, n=6)

20 5 SEOLH B AR mm?
FHAA 0. 00+0. 00
IR 2. 82+0. 30"
ANE R E IR AT R AL 1.78+0.33*
AN SR E AR A T R AL 1.36+0. 65
AN R IR T R AL 1.03+0.52*
FEFE A4 0.79+0. 66 **

I S AHIE, ¥ P<0.01; SRR LE, ™ P<0.01,

3.4 B4R ERMREFRELEASMH  PCA
ST R E AT B, 3 AR 2 TR S B B
ﬂ MW R A A RE S, LA

HaS A, SRV /N RO H A 22 7 L
ﬁ4m4A,A¢Lﬁ4%1A THR313 4, 5
MRV L, MBS EHE PR e 7 @¢ﬁ%n@
s FGRFESE 4 852 4, Hip B 874 4, F
#3978 4, WK 6~7,

H. A NMXRRBOME, B R PCA R HrIA L,
Bs5 BEANMNBRXTHLAELAESEHER

Fig.5 Reproducibility of joint tissue samples of mice in each group

3.5 BRWDRAREBRAREFEAXARG G £ 45
Mo it — TSN SRR IAIAIT AS AL
AL M Y DEGs B b K i) ) 58 25 31 o8 3% 40 il 2
A, #HT GO BT I KEGG 18 % & 404, H:
Hi AR RS K RNA B4 WG SR . A a3 |

AR, A0 M2 S S I o A0 A 5
ey TR REARSS . BRE TS
%%ﬁﬁ\ﬁﬁ&ma# DA 8, MRS P {EK

, oyl et as AL SR, AT R o
B B R 2 P I R AR AT 20 Akl g, Hop
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e WAL A REN, aeaRRREkE L, BERERRER TN, KERRKAER,
6 ERERENL
Fig. 6 Volcano plot of differentially expressed genes

E7 ZREEHE
Fig.7 Heatmap of differentially expressed genes

W% HIF-1 {3238 . Hippo (S 2k, WKo, &4 FTRRERENEREAET His RRFELEHOY

3.6 AMNERRE SRS AT Hifes Za &0 #wm Tab. 4I]F]] I*gt);':cst’s "; 6l;ushen Qiangdu Zhilou Decoction at
FAPn, BFET2h G, 4. 8 mg/mL A0S different mass concentrations on the viability of
80 mg/mL 4IRS (P<0.05, P<0.01), 7% Hifcs “;‘;EU(E”’ n=6) S
WY R T 2 mg/mL 19 %h B 5B A B 1 23 0 A P O mg/mL 100. 0022, 00
e I A, 75025, 0.5, 1 mrul, ARSI

JoT VR B iR A T SR S5 A BEA LY 0. 25 mg/ml 107. 09+2. 51

3.7 ANERREEHH AT Hifes 20 B B A AUAR bk *;f"ﬁ%;;ﬁf@ofmm% n 102,993, €2
FEwHea 5 AR, BRI ANH ST FH SR Y 2 me/m. 84.09+3. 03
B4 2 LU AT I 455, AT e i b s o
MR AR By, WK 10, 5 A4 V. SANERE AT 0 mg/mL HLHLEE, * P<0. 05, P<0.01.

2594



2026 4F- 8 A
48K HF8

Bk %

Chinese Traditional Patent Medicine

August 2026
Vol. 48 No. 8

B8 GO E£ERESHIRE

Fig.8 GO enrichment circular plot and bar chart

9 KEGG EHHHKE
Fig. 9 KEGG enrichment bar chart

B, BRI ALP BHYE G R EEXS N, ALP FH YL 44
Mo AR (P <0.01), B Ab4s W sem (P<
0.01); SEAMALE, *MEFREGHET SN EA
ALP BHPEGL@RF> (P<0.01), BHYL R fhah ™y
WL (P<0.05, P<0.01), WK 11, %5,

3.8 AMNEIRE L4 2T Hifes 2R B AR S0
EORAR ALY m SEA4ME, BRI
Collal, SOX9, OPN HHEiEFE (P<0.05, P<
0.01); SEIRILEE, #MEREBHA &R A
Collal , RUNX2 AL (P<0.05, P<0.01),
HNE B E R OPN ., SOX9 & 1A%

E 10 Hifes HBEFSEHERILBER
Fig. 10  Alizarin red S staining results of Hlfcs

after osteogenic induction

& (P<0.01), WK 12, F6, SaAHE, &
B4 RUNX2 mRNA ik THE (P<0.05); LA
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B 11 &ZH Hifes 4058 ALP, BHRIRE
Fig. 11 ALP and Alizarin red S staining of Hlfcs cells in each group

R 5 & Hifcs 50 ALP MIFE XS AEMALLER (x+s,
n=3)

Tab.5 Comparison of ALP and Alizarin red S staining
areas of Hlfcs cells in each group (x+s, n=3)
4151 ALP Qe imifl /% PERAYEEY %
25 141 6.31£6.75 7.20+3. 68
R ZH 56. 10+7. 66" 70. 77+12. 61%*
N EREAEAMRIEA 21.91+8.72* 36.58+5. 53"
HEREVAEZTTAIEA 18, 78+4. 54 16.29+7.23*
BRI R4 28.57+1.99™ 17.78+5. 52
T 5SEAHAHE,*P<0.01; SHEEA LK, P<0.05,
*P<0.01,

bk, NS sRE A PR RGN & 41 ALP . RUNX2
mRNA ZILEFEE (P<0.05), W7,

3.9 ANESRE A 40% 5t Hlfes 20 M kB 2 AL AL A
Hippo/ YAP i ¥4 48 % & & £ 5 B YAP 4% & 4% 69 %
e Sos P A, BRI AN Hippo 1 % G HE R

T AHZSHA, BB, C~E 510N E R EIAR,
e EE A,
B 12 & 4H Hifes 4158 Collal, SOX9, RUNX2, OPN
E=E
Fig. 12 Protein bands of Collal, SOX9, RUNX2, and
OPN of Hifcs cells in each group

% 6 #&%H Hifcs 445 Collal, SOX9, RUNX2, OPN EAKRIALLE (xxs, n=3)
Tab. 6 Comparison of Collal, SOX9, RUNX2, and OPN protein expressions of Hlfcs cells in each group (x+s, n=3)

25 Collal S0X9 RUNX2 OPN
ZHA 19.54+11. 19 45.68+15. 40 42.70+12.22 49.92+16.72
k| 67. 87+6. 74% 75.32+9. 14* 61.00+11. 80 88.33+9. 87*
MRS A P A IR = 21 18. 60£2. 93 ** 63.57+7.05 34.66+9.23* 80. 66+8. 77
AN R IR PR PR 2 24.96£8. 15 44.15£17. 36 35.82+4. 71" 71.51+11. 12
MRS A P T 2 37.84£6. 56" 40. 46£5. 42 29.74£10. 84" 36. 88+9. 75
E. 52 A4IHE,*P<0.05,%P<0.01; SHEMI4IHES, * P<0.05, ™ P<0.01,
M LATS, YAP HFBRAK BRI (P<0.05); 13, %8,
SRR R, NERE RS m R R Hos gl b, HRIAANEN S DAPL 3L E N

LATS, YAP HABRILKFEFE (P<0.05), ik
FIHEZH YAP BRI KT (P<0.05), WA
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£ 7 %4 Hifes 4188 ALP, Collal, RUNX2 mRNA & iX
L% (xxs, n=3)
Tab.7 Comparison of ALP, Collal, and RUNX2 mRNA

expressions of Hifcs cells in each group (x+s, n=3)

251 ALP Collal RUNX2
ZEHA 1.00£0.09  1.00+0.05 1.00+0.05
FAIZH 1.92+0.33  1.86+0.32  1.36=0.07"

R EARIA AR 0.80+0. 15 1.21+0.14  1.04+0.03*
AN EEVAEA PR 1.05£0.30  1.01£0.02  1.03x0. 12
NF A ERIREA 1.1240.21  1.39£0.07  0.97+0. 15

. 5EAE,P<0.05; SR E, * P<0.05,
SRR N YAP 429% 38 S5 (P <0.05, P< . A RZSHE, B RERIA, C~E S9N mEAKIA K.

ey %= bR,
0.01), JH 14, 8 E 13 &4 Hifes 8 LATS, p-LATS, YAP, p-YAP

4 itig B
SEOLE AR AS I EZRBRRIE, HRIRYT AS Fig. 13 Protein bands of LATS, p-LATS, YAP, and p-
E"J*Z/IL‘XE,‘?\Z*“S] o FERTEH N > KA — YAP of Hlfcs cells in each group

TE: A=, B BRI, C~E S5 B REAIR, T, mflidd,
E 14 &4 Hifes 4858 YAP EAREMIER
Fig. 14 Nuclear localization of YAP protein of Hlfcs cells in each group

&8 &IH Hifcs #0H LATS, YAP BEERULKFRIZN YAP RHBELLE (x5, n=3)
Tab.8 Comparison of LATS and YAP phosphorylation levels and nuclear YAP fluorescence intensity of Hlfcs cells in each

group (x+s, n=3)

2051 p-LATS/LATS p-YAP/YAP P YAP S SEAHXT 50 /%
SHA 1.560. 38 1.230. 62 17.96+6. 84
(T RIVEE 0.39+0. 24* 0. 44+0. 07* 70. 14+6. 87%
AR SRERA A IR = 0. 66+0. 56 1.36+0.50* 52.78+5.94*
ANE R ENA R TR R 0.88+0. 15" 1.47+0.59* 30.30+8. 18 **
AN RREA R R R A 1.05+0.24* 1. 1620. 63 21.313.97*

. S HAE, " P<0. 05, P<0.01; SRR LH, * P<0.05, " P<0.01,
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FEA, FE . IR E R, ETEEIRE, ER
HREANE BN, MEBAREE, HIAREHF
W, RIEMKEZH, ML REIGE S
DARNEF SR . ARG SS  sRE A iE e, fE
I R AR R, HAT AR TE s, s
o5 EE BB A VE

CATA /AR F B B33 RAE T AR 1 561
P ui R B Ak, AR E W T AS 54
HALBT IR ARHFSE LS B s, AN R A
DR T CAIA /N OCTT RIE, JRAE & i L
SCATRIAHE B B BT R R, B T R AR T
. B B RERE B

RS UL Y 4y A7 & BE, PI3K/Akt, HIF-la,
Hippo/ YAP 555 538 00, 3 B3 % 1Y 300 13
A RAET RS VIAE Y, HIF-1o 5% 5% 724K
USR] B ST A A F LA B AR A F A
FESCTT RAEHT, I L03E BN 1A G T9 SE BV
TEVRYT#E 5 2 — ) KEGG 8 & & £ 0 i K 3,
Hippo/ YAP il 2 5 4N s BHA R AR T 00
fbad . Hippo/ YAP i %5 plii . 48055 % 1 H
AR RBEYT, B 58 408040 a8 i
B H5ERE EEDIBR Y AE AS P
HrEIE s R, B AT 4E 40 i Y Hippo/ YAP
G IR 1N N Re Rl s ST (e S @ R (e s
B ) NI L

AS SBE A BT 4 A0 M0 R AN A
SRR P BB D, R SR A I G B AR 4 il
— DO R R RS, S A T S
BRI R A A, e R, SECEFOY
W KB AT AR AS R R, R R
BARBIA T LIS 1B M DG AR 7 W I R B R
ik, BT LR AN M A ER 2T s, R
AT LI R0 2T 2 20 e A 1Ak

YAP 25 138 i 5 4% R i sk B A ELAE
ML 5, AR IE R A DG R 1 R SRR T R
ik, Hippo i B H0E I, E04G LATS 78 N B0
MRk, fifS YAP B fk, XELLEA 40 iAot
KSR, APPSR EoR, BEAS b Hifes 40
Jifl LATS BEMR ALK V- AR, Hippo il BN I, 40
MR YAP Eakighn; #bE iR E s T s,
LATS, YAP BERRAL/AKF-HITE R, N YAP k05
A RN E 5B IR PR P gl 2 Hippo/ YAP i8
BT W AT 2 A0 S R

Zr L ETiR, ANE BRI AT AS R
2508

Ao/ B0 S A BT B R, A AT AT RE S
BT AT 4E A Hippo {55l B, 120 YAP B
AL SRS, IR B 2T 4k 200 80 o AR G
X — A B AN SR A I I PRI SR Bt 18 AY
Bt WO EE25BR AS S0 AL f At o g
LR BIE AL
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